Mechanistic studies of active site mutants of Thermomonospora fusca endocellulase E2.
Endocellulase E2 from the thermophilic bacterium Thermomonospora fusca is a member of glycosyl-hydrolase family 6 and is active from pH 4 to 10. Enzymes in this family hydrolyze beta-1,4-glycosidic bonds with inversion of the stereochemistry at the anomeric carbon. The X-ray crystal structures of two family 6 enzymes have been determined, and four conserved aspartic acid residues are found in or near the active sites of both. These residues have been mutated in another family 6 enzyme, Cellulomonas fimi CenA, and evidence was found for both a catalytic acid and a catalytic base. The corresponding residues in E2 (D79, D117, D156, and D265) were mutated, and the mutant genes were expressed in Streptomyces lividans. The mutant enzymes were purified and assayed for activity on three cellulosic substrates and 2, 4-dinitrophenyl-beta-D-cellobioside. Activity on phosphoric acid-swollen cellulose was measured as a function of pH for selected mutant enzymes. Binding affinities for each mutant enzyme were measured for two fluorescent ligands and cellotriose, and circular dichroism spectra were recorded. The results show that the roles of D117 and D156 are the same as those for the corresponding residues in CenA; D117 is the catalytic acid, and D156 raises the pK(a) of D117. No specific function was assigned to the CenA residue corresponding to D79, but in E2, this residue also assists in raising the pK(a) of D117 and is important for catalytic activity. The D265N mutant retained 7% of the wild-type activity, indicating that this residue is not playing the role of the catalytic base. Experiments were conducted to rule out contamination of the D265 enzymes by either wild-type E2 or an endogenous S. lividans CMCase.